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Abstract
SMARCA4 is a subunit of the switch/sucrose non-fermentable (SWI/SNF)
chromatin-remodeling complex. An effective treatment for SMARCA4-deficient non-
small cell lung carcinoma (NSCLC) has not yet been established. Correlations
between a response to immune checkpoint inhibitors and the SWI/SNF complex have
been suggested, but little is known about the efficacy of immune checkpoint inhibi-
tors against SMARCA4-deficient NSCLC. A 43-year-old man underwent left upper
lobe lung resection and was diagnosed with SMARCA4-deficient lung adenocarci-
noma. Two months after surgery, multiple lung metastases appeared. Immunohisto-
chemical analysis showed no PD-L1 expression. Whole-exon sequencing revealed a
relatively high tumor mutation burden at 396. After the failure of three standard che-
motherapy regimens, the patient was treated with nivolumab as fourth-line treatment.
An obvious reduction in the lung metastases was obtained for more than 14 months.
We report the first case of SMARCA4-deficient NSCLC with a high tumor mutation
burden successfully treated with nivolumab. Anti-PD-1 antibodies might be a promis-
ing treatment strategy for patients with SMARCA4-deficient NSCLC.

Introduction

SMARCA4 is a subunit of the switch/sucrose non-
fermentable (SWI/SNF) complex that plays important roles
in the process of chromatin remodeling and thus in the
regulation of vital cellular processes and functions such as
gene expression, proliferation, and differentiation.1

SMARCA4-inactivation is critical for cancer development
and progression.2

The loss of SMARCA4 immunoreactivity occurs in up
to 10% of non-small cell lung carcinoma (NSCLC) cases.3

SMARCA4-deficient NSCLC is both aggressive and refrac-
tory.4 Although the development of therapies for
SMARCA4-deficient NSCLC is a topic of ongoing investi-
gation, an effective treatment for SMARCA4-deficient
NSCLC has not yet been established.5–8

Nivolumab is a PD-1 antibody approved for the treatment
of NSCLC. Some reports have demonstrated that PD-L1
expression, DNA mismatch-repair (MMR) deficiency, and
tumor mutational burden (TMB) are predictive biomarkers of
a response to PD-1 antibodies.9–11 Although correlations
between a response to immune checkpoint inhibitors and the
loss of the SWI/SNF complex have been reported, little is
known about the efficacy of immune checkpoint inhibitors for
SMARCA4-deficient NSCLC.12–14 Herein, we report the first
case of SMARCA4-deficient NSCLC with a high TMB suc-
cessfully treated with nivolumab.

Case report

A 43-year-old man was introduced to our hospital because
of persistent left chest pain. He had a history of smoking
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(Brinkman index: 460) but did not have a family history of
cancer. A chest computed tomography (CT) scan revealed
a mass in the left upper lobe. The patient subsequently
underwent left upper lobe lung resection.
The resected tumor was mainly composed of a poorly dif-

ferentiated carcinoma and partly composed of a glandular
structure (Fig 1). The immunohistochemical staining results
were as follows: TTF-1 (SP141), negative; SMARCA2
(HPA029981), partial loss; SMARCA4 (EPNCIR111A), loss;
and PD-L1 (28-8), 0%. He was finally diagnosed with
SMARCA4-deficient poorly differentiated lung adenocarci-
noma. The pathological stage was T4N0M0 stage IIIA.
Next-generation sequencing using the Oncomine Cancer
Research Panel revealed the absence of driver alterations for
lung cancer (Table S1). Whole-exon sequencing showed a
relatively high TMB at 396 mutations.
Two months after surgery, multiple lung metastases

rapidly developed, and the patient was diagnosed with
recurrence. He was treated with four cycles of carboplatin
(AUC 5–6, day 1), paclitaxel (180-200 mg/m2, day 1), and

bevacizumab (15 mg/kg, day 1; best overall response: sta-
ble disease), followed by four cycles of docetaxel (50-60
mg/m2, day 1) and ramucirumab (10 mg/kg, day 1; best
overall response: stable disease). After two cycles of
pemetrexed (500 mg/m2, day 1; best overall response:
progressive disease), nivolumab (3 mg/kg, day 1, every
2 weeks) was administered as a fourth-line treatment.
After four does of nivolumab, obvious reduction in the

lung metastases was observed (Fig 2). Chest CT images
obtained after 22 doses of nivolumab showed continuous
lesion shrinkage (best overall response: partial response).
Disease control has been maintained for more than
14 months since the start of nivolumab treatment.
The patient provided informed consent for the publica-

tion of all clinical details and images.

Discussion

This is the first report of a case of successful treatment
of a SMARCA4-deficient NSCLC using nivolumab.
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Figure 1 (a–f) Histopathological and
immunohistochemical findings of the
primary lung tumor (x40). (a,b) Hema-
toxylin and eosin (H&E) staining shows
a poorly differentiated carcinoma and
a partly glandular structure. (c) TTF-1
(SP141), (d) SMARCA2 (HPA029981),
(e) SMARCA4 (EPNCIR111A), and
(f) PD-L1 (28-8).

a b c Figure 2 Chest computed tomog-
raphy images: (a) Baseline before
nivolumab treatment; (b) partial
response after four doses of
nivolumab; and (c) after 22 doses
of nivolumab.
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SMARCA4-deficient NSCLC is now considered a distinct
subtype with a heterogeneous spectrum because of its
morphological diversity, lack of a lepidic growth pattern,
and TTF-1-negative phenotype.15 In addition, SMARCA4
mutations have attracted interest as candidate driver
genes because of their mutual exclusivity with other
driver alterations.16 However, treatment strategies
targeting SMARCA4-deficient NSCLC have not yet been
developed.
Patients with SMARCA4-deficient NSCLC have a statis-

tically significantly poor survival outcome.17 Thus, this
report is important, demonstrating that an anti-PD-1 anti-
body could potentially be effective against SMARCA-4
deficient NSCLC.
Metastatic renal cell carcinoma harboring inactivating

mutations in PBRM1, which encodes a subunit of the
SWI/SNF complex, is reportedly likely to respond to
nivolumab treatment.12 A study demonstrated that mela-
noma tumor cells in which a specific SWI/SNF complex
had been experimentally inactivated were sensitive to T
cell-mediated killing. The tumor cells were responsive to
interferon-γ, leading to the increased secretion of cytokines
that promote antitumor immunity.14 Furthermore, whole-
exon sequencing analysis of multiple cancer types indicated
an association between a response to immunotherapy and
epigenetic regulators in the SWI/SNF complex.13

In the CheckMate-026 study, a phase III trial that com-
pared the efficacy of nivolumab to platinum-based chemo-
therapy in patients with stage IV or recurrent NSCLC,
exploratory analysis showed the effects of the TMB on the
treatment efficacy of nivolumab.9 Among patients with a
high TMB (≥ 243 mutations), the response rate and
progression-free survival were superior in the nivolumab
group than in the chemotherapy group. SMARCA4 is
reportedly required for MMR.18 In addition, MMR defi-
ciency is associated with a high TMB.19 In the present case,
we believe that SMARCA4 deficiency caused a decrease in
MMR function, which in turn induced a high TMB.
Although a high TMB is associated with a good response
to nivolumab, the SMARCA4 deficiency might have been a
key component in the high TMB in this case.
We report the first case of SMARCA4-deficient NSCLC

with a high TMB successfully treated with nivolumab.
Anti-PD-1 antibodies might be promising treatment for
patients with SMARCA4-deficient NSCLC. Given the limi-
tations of single case reports, however, further validation of
the efficacy of anti-PD-1 antibodies in a larger patient
cohort with SMARCA4-deficient NSCLC is required.

Disclosure

The testing of PD-L1 expression, next-generation sequencing,
and TMB were performed as part of the Lung Cancer

Genomic Screening Project for Individualized Medicine in
Japan (LC-SCRUM-Japan) and the Immuno-Oncology Bio-
marker Study (LC-SCRUM-IBIS), which were supported by
Astellas, AstraZeneca, Bristol-Myers Squibb, Chugai, Daiichi-
Sankyo, Eisai, Eli Lilly, Kyowa Hakko Kirin, Merck Serono,
MSD, Novartis, Ono, Pfizer, Taiho, and Takeda.
Dr. Naito: Personal fees; Bristol-Myers Squibb, Ono.
Dr. Umemura: Grants; MSD, Personal fees; Astra

Zeneca, Bristol-Myers Squibb, Chugai, Eli Lilly, Ono.
Dr. Udagawa: Grants and Personal fees; Abbvie, MSD,

Grants; the Japan Agency for Medical Research and Devel-
opment, Personal fees; Amco, AstraZeneca, Bristol-Myers
Squibb, Chugai, Ono, Taiho.
Dr. Kirita: Personal fees; AstraZeneca, Boehringer

Ingelheim, Boston Scientific, Chugai, MSD, Pfizer, Roche.
Dr. Matsumoto: Grants; Chugai, Merck Serono,

Novartis.
Dr. Yoh: Grants and Personal fees; AstraZeneca, Chugai,

Lilly, MSD, Novartis, Ono, Taiho, Grants; Bayer, Bristol-
Myers Squibb, Pfizer, Personal fees; Boehringer Ingelheim.
Dr. Niho: Grants and Personal fees; AstraZeneca,

Grants; Merck Serono, Personal fees; Bristol-Myers Squibb,
Chugai, MSD.
Dr. Motoi: Grants and Personal fees; Ono, Grants;

Roche, Personal fees; Agilent, Astra Zeneca, Bristol-
Myers Squibb, Chugai, Miraca Life Sciences, MSD,
Novartis.
Dr. Tsuboi: Personal fees; AstraZeneca, Boehringer

Ingelheim, Chugai, Covidien, Daiichi-Sankyo, Eli Lilly,
Johnson & Johnson, MSD, Ono, Taiho, Teijin.
Dr. Goto: Grants and Personal fees; AbbVie,

AstraZeneca, Boehringer Ingelheim, Bristol-Myers
Squibb, Chugai, Daiichi-Sankyo, Eli Lilly, Kyowa Hakko
Kirin, Life Technologies, Merck Serono, MSD, Novartis,
Ono, Pfizer, RIKEN GENESIS, Sumitomo Dainippon,
Taiho, Takeda, Grants; Amgen, Astellas, Eisai, Janssen
Pharmaceutical, Oxonc, Personal fees; Otsuka, SRL.
The remaining authors report no conflict of interest.

References
1 Wilson BG, Roberts CW. SWI/SNF nucleosome remodellers
and cancer. Nat Rev Cancer 2011; 11: 481–92.

2 Marquez-Vilendrer SB, SKR SJBG, Li L, Reisman DN. Loss
of the SWI:SNF ATPase subunits BRM and BRG1 drives
lung cancer development. Oncoscience 2016; 3: 322–36.

3 Herpel E, Rieker RJ, Dienemann H et al. SMARCA4 and
SMARCA2 deficiency in non-small cell lung cancer:
Immunohistochemical survey of 316 consecutive specimens.
Ann Diagn Pathol 2017; 26: 47–51.

4 Orvis T, Hepperla A, Walter V et al. BRG1/SMARCA4
inactivation promotes non-small cell lung cancer
aggressiveness by altering chromatin organization. Cancer
Res 2014; 74: 6486–98.

Thoracic Cancer 10 (2019) 1285–1288 © 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd 1287

T. Naito et al. Nivolumab for SMARCA4-deficient NSCLC



5 Bell EH, Chakraborty AR, Mo X et al. SMARCA4/BRG1 is
a novel prognostic biomarker predictive of cisplatin-
based chemotherapy outcomes in resected non-small cell
lung cancer. Clin Cancer Res 2016; 22: 2396–404.

6 Kothandapani A, Gopalakrishnan K, Kahali B, Reisman D,
Patrick SM. Downregulation of SWI/SNF chromatin
remodeling factor subunits modulates cisplatin cytotoxicity.
Exp Cell Res 2012; 318: 1973–86.

7 Oike T, Ogiwara H, Tominaga Y et al. A synthetic lethality-
based strategy to treat cancers harboring a genetic deficiency
in the chromatin remodeling factor BRG1. Cancer Res 2013;
73: 5508–18.

8 Tagal V, Wei S, Zhang W et al. SMARCA4-inactivating
mutations increase sensitivity to Aurora kinase A inhibitor
VX-680 in non-small cell lung cancers. Nat Commun 2017; 8:
14098.

9 Carbone DP, Reck M, Paz-Ares L et al. First-line nivolumab
in stage IV or recurrent non-small-cell lung cancer. N Engl J
M 2017; 376: 2415–26.

10 Le DT, Uram JN, Wang H et al. PD-1 blockade in tumors
with mismatch-repair deficiency. N Engl J Med 2015; 372:
2509–20.

11 Rizvi NA, Hellmann MD, Snyder A et al. Mutational
landscape determines sensitivity to PD-1 blockade in non-
small cell lung cancer. Science 2015; 348: 124–8.

12 Miao D, Margolis CA, Gao W et al. Genomic correlates of
response to immune checkpoint therapies in clear cell renal
cell carcinoma. Science 2018; 359: 801–6.

13 Miao D, Margolis CA, Vokes NI et al. Genomic correlates of
response to immune checkpoint blockade in microsatellite-
stable solid tumors. Nat Genet 2018; 50: 1271–81.

14 Pan D, Kobayashi A, Jiang P et al. A major chromatin
regulator determines resistance of tumor cells to T cell-
mediated killing. Science 2018; 359: 770–5.

15 Agaimy A, Fuchs F, Moskalev EA, Sirbu H, Hartmann A,
Haller F. SMARCA4-deficient pulmonary adenocarcinoma:
Clinicopathological, immunohistochemical, and molecular
characteristics of a novel aggressive neoplasm with a
consistent TTF1neg/CK7pos/HepPar-1pos
immunophenotype. Virchows Arch 2017; 471: 599–609.

16 Araujo LH, Timmers C, Bell EH et al. Genomic
characterization of non-small-cell lung cancer in African
Americans by targeted massively parallel sequencing. J Clin
Oncol 2015; 33: 1966–73.

17 Reisman DN, Sciarrotta J, Wang W, Funkhouser WK,
Weissman BE. Loss of BRG1/BRM in human lung cancer
cell lines and primary lung cancers: Correlation with poor
prognosis. Cancer Res 2003; 63: 560–6.

18 Shen J, Ju Z, Zhao W et al. ARID1A deficiency promotes
mutability and potentiates therapeutic antitumor immunity
unleashed by immune checkpoint blockade. Nat Med 2018;
24: 556–62.

19 Cancer Genome Atlas Network. Comprehensive molecular
characterization of human colon and rectal cancer. Nature
2012; 487: 330–7.

Supporting Information

Additional Supporting Informationmay be found in the online
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Supplemental Table 1. The result of next-generation
sequencing using the Oncomine Cancer Research Panel.
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